A literature review, preliminary modeling, preliminary experimental work and recent development of this project are presented in this report. The literature review has been focused on cuttings transport in horizontal and slightly inclined well-bores, solid-liquid flo w patterns (two and three layer models), particle slip velocity and particle tracking. To model the phenomena, correlations developed by Larsen 8 , Iyoho 12 and Chien 18 were used to calculate the particle traveling velocity, and then it was used to associate the particles with their original location using other relationships. Preliminary experimental work has been completed using the Low Pressure Ambient Temperature Flow Loop (L.P.A.T.) and a h igh speed c amera. Due to a recent development the current report includes a suggested modification of the flow loop in order to record the bed height in the inclined condition.
Development of a computer simulator to predict the bed thickness and pressure drop for 2 and 3 layers flow pattern.
Experimental data agreement with the simulator results with an error less than 20 % An Experimental apparatus was developed to determine the settling velocity of drilled particles in a Newtonian fluid and also to study the transport of drilled particles in an annulus using both water and drilling mud.
Correlations were developed for the settling velocity of the drilled particles and for the recovery fraction of the drilled particles subjected to turbulent flow of water in an annulus.
Chien 1997
Effect of Hydraulics and Fluid Rheology on the Transportation of Drill Cuttings in Horizontal Drilling
Establish a key relationship among the three dominant parameters involved in the solid-liquid two-phase flow, presented a calculation scheme to determine the magnitude of geometrical parameters associated with an annulus with bed and proposed the use of apparent viscosity of the drilling fluid evaluated at the cutting transport shear rate to correlate hole-cleaning parameters Simulation of a large number of solid particles motion in a flowing liquid using finite element technique based on moving unstructured grids. Using an developed numerical procedure, the Poiseuille flow of solid-liquid mixtures in a vertical channel was studied. For a sedimenting cylinder along the centerline of a channel, the computed terminal speed of the cylinder agrees with previously published numerical and theoretical results. Study sediment transport in horizontal channels, proppant transport in fractured reservoirs using 2D direct numerical simulations and experimental data. Results of 2D simulations of solid-liquid flows gave rise to straight lines in log-log plots of the relevant dimensionless Reynolds numbers. The correlations obtained can be used as predictive tools or as a basis for models for sediment transport in simulators used for design purposes.
Joseph & Ocando

2002
Slip Velocity and Lift Analytic
The lift force off a circular particle in plane Poiseuile flow perpendicular to gravity is studied by direct numerical simulation. The value of the Poiseuille flow velocity at the point at the particle's centre when the particle is absent is always larger than the particle velocity; the velocity is positive at steady flow. Experimental Work:
Experimental Set-up:
Experiments will be performed in the LPAT flow loop facility. It is 90 ft long and consists of an 8-in.
inner diameter transparent casing with 4.5 in. outer diameter drill pipe. A 75 H.P. centrifugal pump (maximum tested capacity is 650 GPM), is used to pump fluid into the flow loop. The cuttings are injected at the inlet of the annular test section where they merge with the test section. A visualization section has been used in the middle of the flow loop to obtain images of the particles.
There is a proposed modification of the flow loop in order to record the bed height of the particles using a video technique. It is basically a system that would consist of a mobile base that will have attached two cameras (standard video cameras). The mobile base will be moved parallel to the transparent casing. The cameras will be located next to the pipe on each side, which will be provided a view of the cuttings inside the transparent casing (see Figures 3, 4 & 5) . 
Preliminary Results and Discussions:
To determine the particles traveling velocity a video technique was used. Different video technologies were used in the developing of the experimental technique. A CCD Hitachi Camera (KP-F120), standard digital camera (Canon PC1048) and high speed camera (TSTH Troubleshooter HR) were tested to obtain the images of the particles in the traveling fluid. The best of these options was the high speed camera (HSC) because it provides high quality images at a high recording rate (1000 frames per second). With this option we were able to distinguish and track the cuttings during the process. The HSC can provide a high quality image and superior resolution of the particles. It is designed for applications such as flow visualization. We compared the results obtained using the other cameras, which do not provide the same quality of data.
This technique is still in development, but some preliminary tests were done using the HSC. Preliminary tests were conducted and they will be repeated to check for any potential problems during the experimental stage. Currently a total of three preliminary tests have been completed. The analysis of the data obtained from these tests is presented in the Results and Discussion section.
Data analysis:
Using the digital videos recorded for each data point in conjunction with a computer program that plays backward and forward we were able to manually track the cuttings. To process the data, a population of particles was tracked for each data point; then the main velocity of that population was calculated and reported. The technique used to calculate the velocity of each particle consists of determining the position "x" of a particle in consecutive recorded frames and the time between each frame, then calculating the velocity. It is important to highlight the assumptions that were made in order to simplify the problem, these assumptions are:
constant particle velocity during the segment in study, linear trajectory in the "x" direction, homogeneous concentration of the particles in the annular section.
The cuttings bed height in the annulus was measured at 10 different points on each side of the transparent casing along all the length of experimental section. These measurements were used to calculate the average bed height, assuming a uniform distribution of the cuttings along the annulus. Having the average bed height, pipe eccentricity and liquid flow rate we were able to compute the liquid phase velocity in the flowing area.
In order to determine the efficiency of the experimental technique and report the quality of the test data an uncertainty model was applied for each data point and variable. In this analysis we considered random and systematic error components of the uncertainty, using U 95 or U ASME models. In addition, a propagation error for the liquid velocity and cuttings velocity was conducted in order to estimate the limits of the variables uncertainties. (See Appendix A)
The following table shows a typical case of data processing:
Position "x" of the particle at different frame times (the coordinate "x" is expressed in pixels) Note:
To produce these tables different particle populations were taken in different locations of the flowing fluid. In addition, more than 500 images were analyzed for each data point in order to obtain good representative samples of the population.
The recording rate was 1000 frames per second (fps) that means that every 10 frames represent 0.01seconds; this was used to carry out the calculations. 
Ta ble 9 -Images of the Cuttings Traveling in the Liquid
The following tables are show the preliminary tests completed and their results: From Figure 7 , we observe that the cuttings velocity increases with the flow rate, but this increment does not follow a linear behavior. In addition, a slip velocity between the cuttings and the fluid is observed. This slip velocity is around 73% of the liquid velocity for the first data point (200 GPM) and it decreases to 14% of the liquid velocity for the last data point (400 GPM). With these preliminary results we cannot formulate any conclusion about what is occurring in the process of cuttings transport, but they have provided us a better understanding of the phenomena, as well as, new hypotheses for the upcoming stages of the experiments.
Tests Completed and Results
Data
Preliminary Modeling:
In order to produce the first lag model correlations developed by Larsen 8 and Iyoho 12 were used t o compute the cuttings traveling velocity at operational drilling conditions. Using the results obtained from the correlations, the cutting transport ratio and then the cuttings source location are then calculated. Once the cuttings source location is calculated a lag diagram considering a 2-D well bore is produced. Based on detailed theoretical and experimental analysis, Iyoho 12 came out with useful and fundamental semi-empirical correlations for inclined and eccentric annuli. Using these correlations he was able to develop a field-oriented mathematical model for characterizing and evaluating the performance of drilling muds in order to facilitate their design for effective cuttings transport. In our case we use Iyoho's 12 correlations to do the computations of the cuttings transport velocity in the inclined segment and horizontal segments.
In vertical cuttings transport, previous investigators 1,2 have utilized a "transport ratio" definition, Under steady-state conditions, the material balance can be written as:
Volume of the material flowing in = Volume of the material flowing out.
If the bed is practically immobile and VM C is the fractional particle concentration in motion, then
and 144 4 60
Where:
Then the feed concentration is:
Mud Annular Velocity is:
Where: Where: 
Cuttings Transport Ratio :
Rock cuttings advance toward the surface at a rate equal to the difference between the fluid velocity and the particle slip velocity. The particle velocity relative to the surface is called the transport velocity.
The transport ratio is defined as the transport velocity divided by the mean annular velocity:
For positive cuttings transport ratios, the cuttings will be transported to the surface. For a particle slip velocity of zero, the mean cuttings velocity is equal to the mean annular velocity and the cuttings transport ratio is unity.
Relationships between the source locations and the transport velocity:
Vertical segment Inclined segment Horizontal segment 
Location of Cuttings source
Current position of the drill bit
Schematic diagram of the modeling
Fig. 9-Algorithm diagram
Summary: § Different video technologies were reviewed in order to develop the experimental technique. § Preliminary experiments were conducted using a high speed video camera. § An uncertainty analysis was applied to the data collected. § A modification in order to measure the bed height in the inclined position is proposed. § Initial modeling and programming were done using available correlations and VBA. The following 
